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(54) System and method for aligning coordinate systems for assembling an aircraft 

(57) A system and method for aligning aircraft coor- 
dinate systems includes determining a first coordinate 
in the first coordinate system from a first reflector using 
a first coordinate positioning device, and determining 
second and third coordinates in the second coordinate 
system from second and third reflectors, respectively, 
using a second coordinate positioning device. The sec- 



ond and third reflectors are disposed at predetermined 
distances from the first reflector. The system aligns the 
first and second coordinate systems based on the first, 
second, and third coordinates and the predetermined 
distances using a processor. 
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Description 

TECHNICAL FIELD OF INVENTION 

[0001] This invention relates in general to the field of 
aircraft manufacturing and, more particularly, to a sys- 
tem and method for aligning aircraft coordinate sys- 
tems. 

BACKGROUND OF THE INVENTION 

[0002] Constructing an aircraft begins with assem- 
bling detail parts into aircraft subassemblies. These air- 
craft subassemblies are later positioned adjacent one 
another for final assembly of the aircraft. Tooling fixtures 
are used throughout the assembly process to prevent 
detail parts and aircraft subassemblies from being 
located and assembled incorrectly. For example, one 
type of tooling fixture may include fixed position stops 
that the detail fitting or aircraft subassembly seats 
against in order to position the detail part or aircraft sub- 
assembly in three dimensions. After locating the detail 
part or aircraft subassembly with the tooling fixture, the 
detail part or aircraft subassembly may be drilled or 
attached to mating aircraft structure. 
[0003] In addition to tooling fixtures, detail parts and 
aircraft subassemblies often include interface control 
points to properly locate mating aircraft structure. For 
example, one aircraft supplier may manufacture and 
supply the wings of the aircraft while another aircraft 
supplier may manufacture and supply the fuselage of 
the aircraft. The wing and fuselage subassemblies may 
contain interface control points to prevent mislocating or 
misaligning the wing subassemblies with the fuselage 
subassembly during final assembly of the aircraft. 
Three-dimensional locating methods, such as laser 
optical positioning systems, may be used to prevent 
mislocating or mis aligning detail parts or aircraft sub- 
assemblies during assembly. 

[0004] Three-dimensional locating methods for air- 
craft assembly, however, suffer several disadvantages. 
For example, variations in aircraft structure design may 
prevent a single three-dimensional positioning device 
from locating and generating three-dimensional coordi- 
nates for all the interface critical control points of the air- 
craft. However, if two or more three-dimensional 
positioning devices are used, the three-dimensional 
positioning devices will generate a corresponding 
number of coordinate systems. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, a need has arisen for an improved 
system and method for aligning aircraft coordinate sys- 
tems. According to one embodiment of the invention, a 
method for aligning a first aircraft coordinate system 
with a second aircraft coordinate system comprises: 
determining a first coordinate in the first coordinate sys- 



tem from a first reflector using a first coordinate posi- 
tioning device; determining a second coordinate in the 
second coordinate system from a second reflector using 
a second coordinate positioning device, the second 

5 reflector disposed a first predetermined distance from 
the first reflector; determining a third coordinate in the 
second coordinate system from a third reflector using 
the second coordinate positioning device, the third 
reflector disposed a second predetermined distance 

10 from the first reflector; and aligning the first and second 
coordinate systems, using a processor, based on the 
first, second, and third coordinates and the first and sec- 
ond predetermined distances. 

[0006] According to another embodiment of the inven- 
ts tion, an apparatus for aligning a first aircraft coordinate 
system associated with a first positioning device with a 
second aircraft coordinate system associated with a 
second positioning device comprises: a first reflector 
mounted to a control point fitting and oriented to receive 
20 an optical signal from the first optical positioning device; 
a second reflector mounted to the control point fitting 
and oriented to receive an optical signal from the sec- 
ond optical positioning device, the second reflector dis- 
posed a first predetermined distance from the first 
25 reflector; and a third reflector mounted to the control 
point fitting and oriented to receive an optical signal 
from the second optical positioning device, the third 
reflector disposed a second predetermined distance 
from the first reflector. 
30 [0007] The invention provides several technical 
advantages. For example, in one embodiment of the 
invention, the system determines a control point for a 
one aircraft coordinate system and determines an 
equivalent control point for another aircraft coordinate 
35 system. In the same embodiment, the system aligns the 
different aircraft coordinate systems using the control 
point and the equivalent control point. 
[0008] Other technical advantages will be readily 
apparent to one skilled in the art from the following fig- 
40 ures, descriptions, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] For a more complete understanding of the 
45 present invention and the advantages thereof, reference 
is now made to the following descriptions taken in con- 
nection with the accompanying drawings in which: 

FIGURE 1 is a plan view of a system for assembling 
so an aircraft in accordance with the present invention; 
FIGURE 2 is an isometric view of a control point 
assembly constructed in accordance with the 
present invention; 

FIGURE 3 illustrates a computer representation of 
55 an adjustment system according to the present 
invention; 

FIGURES 4 A and 4B illustrate a flow chart of a 
method to assemble an aircraft according to the 
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present invention; and 

FIGURE 5 illustrates a flow chart of a method for 
aligning aircraft coordinate systems in accordance 
with the present invention. 

5 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] FIGURE 1 illustrates a plan view of a system 
10 for assembling an aircraft in accordance with the 
present invention. In the embodiment illustrated in FIG- w 
URE 1 , a left wing section 12 and a right wing section 1 4 
are shown in proximity for assembly along a center line 
16 of the aircraft. Left wing section 12 and right wing 
section 14 are often referred to as aircraft subassem- 
blies. In another embodiment, left wing section 1 2 and 15 
right wing section 1 4 may also be assembled to a center 
box (not shown) of the aircraft. In a center box type of 
aircraft, support structure resembling a box is posi- 
tioned along the center line 16 and extends outwardly 
on each side of the center line 16 toward outer edges of 20 
a fuselage of the aircraft. The center box provides 
mounting structure for attaching left wing section 1 2 and 
right wing section 1 4 to opposite sides of the fuselage of 
the aircraft. 

[0011] As illustrated in FIGURE 1 , left wing section 12 25 
and right wing section 14 include a plurality of trailing 
edge fittings 18, a plurality of leading edge fittings 20, 
and a plurality of fuselage fittings 22. Trailing edge fit- 
tings 18, leading edge fittings 20, and fuselage fittings 
22 are used for attaching to or mating with other aircraft 30 
subassemblies. Thus, the locations of the trailing edge 
fittings 18, leading edge fittings 20, and fuselage fittings 
22 are critical for the proper assembly of the aircraft. 
Trailing edge fittings 18, leading edge fittings 20, and 
fuselage fittings 22 may be referred to generally as 35 
interface control points of the aircraft. 
[001 2] Left wing section 1 2 is supported by a plurality 
of pedestals 24 and right wing section 14 is supported 
by a plurality of pedestals 26. Pedestals 24 and 26 are 
positioned beneath left wing section 12 and right wing 40 
section 14, respectively, such that the outermost edges 
of left wing section 12 and right wing section 14 are 
unsupported, thereby reflecting a substantially 1G 
loaded position of left wing section 12 and right wing 
section 14 during assembly. For example, outboard 45 
edge 28 of left wing section 12 and outboard edge 30 of 
right wing section 14 are unsupported during assembly 
to reflect the position left wing section 12 and right wing 
section 14 will have after final assembly of the aircraft. 
Thus, outboard edge 28 of left wing section 1 2 and out- so 
board edge 30 of right wing section 14 remain unsup- 
ported during aircraft assembly, thereby providing the 
ability to view and inspect left wing section 12 and right 
wing section 14 for various performance characteristics, 
such as roll factor and roll moment that result from wing 55 
sweep differential, wing twist differential, and wing dihe- 
dral angle differential between left wing section 12 and 
right wing section 14, prior to assembling or mating left 



wing section 12 and right wing section 14. 
[0013] System 10 for assembling an aircraft includes 
an optical positioning system 32, a processor 34, and 
an adjustment system.36. Optical positioning system 32 
generates a three-dimensional representation or pre- 
dicted mate 38 of left wing section 12 and right wing 
section 14 prior to assembling left wing section 12 and 
right wing section 14. Processor 34 comprises a com- 
puter, workstation, mini-computer, mainframe or other 
computing device associated with a display 98 and a 
volatile or non-volatile memory 99. Processor 34 per- 
forms transformation functions on three-dimensional 
data obtained from optical positioning system 32 for 
manipulating right wing section 14 to enhance perform- 
ance characteristics of the aircraft prior to assembling 
left wing section 12 and right wing section 14. Adjust- 
ment system 36 allows graphical and physical manipu- 
lation of right wing section 14 in order to achieve the 
desired performance characteristics of the aircraft prior 
to assembly. Optical positioning system 32, processor 
34, and adjustment system 36 will now be discussed in 
greater detail. 

[0014] Optical positioning system 32 includes optical 
positioning devices 40 and 42 and a plurality of reflec- 
tors 44 attached at various locations along left wing sec- 
tion 12 and right wing section 14. In one embodiment, 
reflectors 44 receive and return optical signals; how- 
ever, other suitable devices for receiving and returning a 
signal, such as electromagnetic, acoustic or other forms 
of energy, may be used. As illustrated in FIGURE 1, 
reflectors 44 are attached along a leading edge 46 and 
a trailing edge 48 of left wing section 12 and a leading 
edge 50 and a trailing edge 52 of right wing section 14. 
Additionally, reflectors 44 are attached to trailing edge 
fittings 18, leading edge fittings 20, and fuselage fittings 
22. In one embodiment of the invention, optical position- 
ing devices 40 and 42 include three-dimensional posi- 
tion finding lasers for determining the location of each 
reflector 44. An example of a suitable optical positioning 
device 40 and 42 is manufactured by LEICA under the 
part No. LTD500; however, other suitable electromag- 
netic, acoustic, or optical positioning devices may be 
used for determining the three-dimensional position of 
each reflector 44. 

[0015] In operation, left wing section 12 and right wing 
section 14 are positioned on pedestals 24 and 26 at a 
predetermined location with respect to a final assembly 
configuration. For example, an inboard edge 54 of left 
wing section 12 and an inboard edge 56 of right wing 
section 14 may be located at a predetermined distance 
from center line 16. Although left wing section 12 and 
right wing section 14 may ultimately be assembled at 
center line 16, left wing section 12 and right wing sec- 
tion 14 may be positioned at any predetermined dis- 
tance from center line 16 or other suitable orientation for 
creating predicted mate 38 of left wing section 12 and 
right wing section 14. 

[0016] Once left wing section 12 and right wing sec- 
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tion 14 are in a fixed position, reflectors 44 are attached 
to predetermined or pre-targeted locations 58 of left 
wing section 12 and right wing section 14. Pre-targeted 
locations 58 on left wing section 12 and right wing sec- 
tion 14 are stored in memory 99 so that optical position- 
ing system 32 can acquire and determine the 
approximate locations of reflectors 44. For example, 
reflectors 44 may be attached to interface control points 
on left wing section 12 and right wing section 14 to 
assist properly locating other aircraft structure in subse- 
quent aircraft assembly operations. Additionally, reflec- 
tors 44 may be located along the leading edges 46 and 
50 and trailing edges 48 and 52 of left wing section 12 
and right wing section 1 4, respectively. Optical position- 
ing system 32 uses pre-targeted locations 58 to direct 
optical signals from optical positioning devices 40 and 
42 to the approximate locations of reflectors 44. One 
important technical advantage of the present invention 
is the placement of reflectors 44 at or near the wing tips 
to determine more accurate performance characteris- 
tics of the aircraft, such as roll moment and roll factor 
resulting from wing sweep differential, wing dihedral dif- 
ferential, and wing twist differential between left wing 
section 12 and right wing section 14. 
[0017] Once reflectors 44 have been attached to left 
wing section 12 and right wing section 14, optical posi- 
tioning system 32 begins acquiring three-dimensional 
coordinate information for each reflector 44. Optical 
positioning devices 40 and 42 emit optical signals 
toward pre-targeted locations 58 stored in memory 99 to 
determine the three-dimensional profile of left wing sec- 
tion 12 and right wing section 14. Optical positioning 
system 32 uses pre-targeted locations 58 stored in 
memory 99 to direct the optical signals toward the 
approximate locations of reflectors 44. Optical position- 
ing devices 40 and 42 search or scan pre-targeted loca- 
tions 58 with an optical signal until each reflector 44 is 
located to within an acceptable accuracy. Thus, each 
reflector 44 may be located in a zone corresponding to 
pre-targeted locations 58, thereby eliminating a require- 
ment to precisely locate each reflector 44 on left wing 
section 12 and right wing section 14. 
[001 8] Optical positioning devices 40 and 42 locate 
and determine a three-dimensional coordinate for each 
reflector 44 attached to left wing section 12 and right 
wing section 14. Physical characteristics of left wing 
section 12 and right wing section 14 may prevent a sin- 
gle optical positioning device from viewing every reflec- 
tor 44. Thus, in the embodiment illustrated in FIGURE 1 , 
optical positioning device 40 acquires each reflector 44 
visible from the leading edge areas of left wing section 
12 and right wing section 14,. and optical positioning 
device 42 acquires each reflector 44 visible from the 
trailing edge areas of left wing section 12 and right wing 
section 14. Thus, in the embodiment illustrated, optical 
positioning device 40 generates a forward three-dimen- 
sional dataset 60 and an aft three-dimensional dataset 
62 of left wing section 12 and right wing section 14 for 



storage in memory 99. 

[001 9] Each entry in datasets 60 and 62 comprise an 
identifier for reflector 44 and its approximate coordi- 
nates in three-dimensional space. System 10 then cor- 

5 relates forward three-dimensional dataset 60 and aft 
three-dimensional dataset 62 to generate predicted 
mate 38 of left wing section 12 and right wing section 
14. In one embodiment, system 10 correlates forward 
three-dimensional dataset 60 and aft three-dimensional 

io dataset 62 using a plurality of control point assemblies 
64 attached to left wing section 12 and right wing sec- 
tion 14. FIGURE 2 illustrates an embodiment of control 
point assembly 64, which includes three optical reflec- 
tors 66, 68, and 70 attached to a control point fitting 71 . 

is Control point fitting 71 includes a fitting base 72 and a 
plurality of mounts 73. Reflectors 66, 68 and 70 are cou- 
pled to mounts 73 in a manner to allow selective adjust- 
ment of the orientation of reflectors 66, 68 and 70 in 
three degrees of freedom. For example, reflectors 66, 

20 68 and 70 may be magnetically coupled to mounts 73; 
however, other suitable methods of coupling reflectors 
66, 68 and 70 may be used to provide three degrees of 
freedom. Additionally, all reflectors 44 may be attached 
to left wing section 12 and right wing section 14in asirn- 

25 ilar manner. 

[0020] Optical reflectors 66 and 70 are positioned on 
control point fitting 71 at a predetermined control point 
distance 74 from optical reflector 68. Control point dis- 
tance 74 is stored in memory 99 and, as will be dis- 

30 cussed below, is used to correlate forward three- 
dimensional dataset 60 with aft three-dimensional data- 
set 62. In one embodiment, distance 74 between reflec- 
tors 66 and 68 equals distance 74 between reflectors 68 
and 70; however, distance 74 between reflectors 66 and 

35 68 may be a different value than distance 74 between 
reflectors 68 and 70. 

[0021] Reflector 68 is oriented on control point fitting 
71 to receive an optical signal from one of the optical 
positioning devices, for example, optical positioning 

40 device 42. Reflectors 66 and 70 are oriented on control 
point fitting 52 to receive an optical signal from a second 
optical positioning device, for example, optical position- 
ing device 40. Optical positioning device 42 determines 
a three-dimensional coordinate of reflector 68 and des- 

45 ignates reflector 68 as a control point 76. Thus, control 
point 76 is established for aft three-dimensional dataset 
62. Optical positioning device 40 determines three- 
dimensional coordinates of reflectors 66 and 70. Using 
control point distance 74 stored in memory 99, optical 

so positioning system 32 determines the equivalent loca- 
tion of control point 76 for forward three-dimensional 
dataset 60 and aligns forward three-dimensional data- 
set 60 with aft three-dimensional dataset 62. In a partic- 
ular embodiment, in which distance 74 between 

55 reflectors 66 and 68 equals distance 74 between reflec- 
tors 68 and 70, the equivalent location of control point 
76 comprises the midpoint of a line drawn in three- 
dimensional space between the position of reflectors 66 
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and 70. Additionally, the above described process of 
aligning independent coordinate systems is applicable 
to other applications where an obstruction to a line of 
sight exists. 

[0022] Also stored in memory 99 is a design dataset 5 
78 that reflects an as designed three<fimensional repre- 
sentation of left wing section 12 and right wing section 
14 in a designed coordinate system. Once forward 
three-dimensional dataset 60 and aft three-dimensional 
dataset 62 are aligned, optical positioning system 32 w 
transforms forward three-dimensional dataset 60 and 
aft three-dimensional dataset 62 using design dataset 
78 to the three-dimensional design coordinate system. 
The result of the transformation is an as-built geometry 
80 that reflects a three-dimensional representation of 15 
left wing section 12 and right wing section 14 in the 
design coordinate system. As an example, the design 
coordinate system may be a set of three orthogonal 
axes positioned on center line 16 with a y-axis extend- 
ing in an outboard direction and an x-axis extending in 20 
an aft. direction. As-built geometry 80 is stored in mem- 
ory 99. As will be discussed below, as-built geometry 80 
is used to compare left wing section 1 2 with right wing 
section 14 to generate predicted mate 38. 
[0023] Processor 34, using as-built geometry 80, gen- 25 
erates a left wing three-dimensional coordinate system 
82 and a right wing three-dimensional coordinate sys- 
tem 84. Processor 34 aligns left wing three-dimensional 
coordinate system 82 with right wing three-dimensional 
coordinate system 84 and generates predicted mate 38 30 
of left wing section 12 and right wing section 14. One 
important technical advantage of the present invention 
is the generation of predicted mate 38 in an electronic 
format using processor 34. This allows assembly modi- 
fications and adjustments to be performed electronically 35 
before any physical adjustments or assembly is per- 
formed. 

[0024] As will be discussed in greater detail in con- 
junction with FIGURE 3, processor 34 compares pre- 
dicted mate 38 to design dataset 78 and generates a 40 
computer representation 86. Computer representation 
86 displays interface control points of the aircraft and 
performance characteristics of the aircraft, such as wing 
sweep differential, wing dihedral angle differential, and 
wing twist differential between left wing section 12 and 45 
right wing section 14. As will be discussed below, 
adjustment system 36 is used to enhance performance 
characteristics of the aircraft and maintain interface 
control point coordination with other aircraft structure 
during assembly of the aircraft. 50 
[0025] FIGURE 3 illustrates computer representation 
86 of predicted mate 38. Computer representation 86 
includes interface control point information for trailing 
edge fittings 18, leading edge fittings 20, and fuselage 
fittings 22. Additionally, computer representation 86 55 
includes performance characteristics of left wing section 
1 2 and right wing section 14 such as wing sweep differ- 
ntial, wing dihedral differential, and wing twist differen- 



tial. 

[0026] As illustrated in FIGURE 3, tolerance ranges 
for interface control points on trailing edge fittings 18, 
leading edge fittings 20, and fuselage fittings 22 reflect 
forward, aft, inboard, outboard, upward, or downward 
mislocation of fittings 18-22. Computer representation 
86 is an interactive representation of predicted mate 38. 
Thus, adjustment system 36 allows graphical manipula- 
tion of right wing section 1 4 with respect to left wing sec- 
tion 12 to control or alter the interface control points and 
performance characteristics of the aircraft prior to 
assembling left wing section 12 and right wing section 
14. 

[0027] For example, each interface control point illus- 
trated in FIGURE 3 is associated with an interface con- 
trol tolerance block 88. Right wing section 14 may be 
graphically moved a desired amount in an attempt to 
bring ail mislocations of interface control points on trail- 
ing edge fittings 18, leading edge fittings 20, and fuse- 
lage fittings 22 within acceptable tolerance limits. 
Tolerance blocks 88 may contain drop down menu-type 
options for changing the location of interface control 
points or may contain other suitable methods for adjust- 
ing the locations of the interface control points. For 
example, a particular tolerance block 88 may be 
selected in order to move a particular interface control 
point within an acceptable tolerance range. 
[0028] Performance characteristics of the aircraft may 
be altered in a similar manner by graphically moving 
right wing section 1 4 to a desired location. For example, 
as illustrated in FIGURE 3, performance characteristics 
of the aircraft may be shown in a performance charac- 
teristics table 90. A particular performance characteris- 
tic, such as wing sweep angle, may be altered by 
selecting the desired characteristic and changing the 
value of the characteristic. Each time right wing section 
14 is graphically repositioned, processor 54 determines 
and stores an adjusted mate 92 based on the desired 
position of right wing section 14. Interface control points 
and performance characteristics of the aircraft may be 
altered repeatedly and rteratively prior to physically 
moving right wing section 14. In this manner, system 10 
positions right wing section 1 4 to optimize interface con- 
trol points and performance characteristics of the air- 
craft. 

[0029] Another technical advantage of system 10 is 
the ability to designate certain interface control points 
as acceptable while designating other interface control 
points for rework using computer representation 86 of 
predicted mate 38. For example, if ail except one inter- 
face control point on trailing edge fittings. 18, leading 
edge fittings 20, and fuselage fittings 22 fall within 
acceptable tolerance ranges, the one fitting containing 
the out of tolerance interface control point may be 
removed from the aircraft and reworked. In one embod- 
iment of the invention, as illustrated in FIGURE 3, com- 
puter representation 86 illustrates the amount and 
direction the interface control point is out of tolerance. 
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Computer representation 86 may also indicate out of 
tolerance conditions in other suitable manners, such as 
color coded tolerance ranges or blinking interface con- 
trol point locations. Computer representation 86 pro- 
vides precise measurements regarding specific 5 
directions the interface control point is out of tolerance. 
For example, if the interface control point is out of toler- 
ance 0.025 inches in the aft direction, the fitting may be 
reworked in a manner to bring the interface control point 
0.025 inches forward. Thus, assembling left wing sec- 10 
Won 12 and right wing section 14 may proceed while the 
interface control point is reworked. After rework, the 
reworked fitting may be reinstalled onto the aircraft in 
the reworked fitting's original location. 
[0030] Another technical advantage of system 10 is 15 
the ability to alter the performance characteristics of the 
aircraft using computer representation 86 of predicted 
mate 38 prior to assembling left wing section 12 and 
right wing section 1 4. For example, due to variations in 
manufacturing left wing section 12 and right wing sec- 20 
tion 14, wing sweep differential, wing dihedral differen- 
tial and wing twist differential between left wing section 
12 and right wing section 14 may result in unacceptable 
performance characteristics of the aircraft. Right wing 
section 14 may be graphically moved using computer 25 
representation 86 in order to improve the performance 
characteristics. Additionally, if more than one wing sub- 
assembly is available, left wing section 12 or right wing 
section 14 may be removed and replaced with a new 
wing subassembly that better matches its mate. Thus, 30 
system 10 provides greater flexibility of assembling air- 
craft than conventional assembling systems. 
[0031] Once a location of right wing section 14 has 
been determined using computer representation 86, 
system 10 initiates adjustment system 36 to physically 35 
move right wing section 14 to the desired location. 
Adjustment system 36 includes a plurality of actuators 
94 attached to right wing section 14 for moving right 
wing section 14 to the desired location; however, actua- 
tors 94 may be attached to left wing section 12 instead 40 
of right wing section 14, or actuators 94 may be 
attached to both left wing section 12 and right wing sec- 
tion 14 to adjust the positions of left wing section 1 2 and 
right wing section 14 with respect to one another. Each 
actuator 94 is capable of three-dimensional movement 45 
to provide six degrees of freedom of right wing section 
14. Additionally actuators 94 may include local feed- 
back capability for accurate determination of the posi- 
tional change of right wing section 1 4. Actuators 94 may 
include electrically powered motors or may include so 
other types of motors, such as hydraulically or pneumat- 
ically controlled motors. 

[0032] Once right wing section 1 4 has been physically 
moved into the desired position using actuators 94, 
processor 34 generates and stores adjusted mate 92. 55 
Adjusted mate 92 may be based on computer represen- 
tation 86 and the- projected move performed by actua- 
tors 94, or may be determined by reinitiating optical 



positioning system 32 to acquire new three-dimensional 
coordinates of reflectors 44. Processor 34 also gener- 
ates interface control point tolerances and performance 
characteristics based on adjusted mate 92. This infor- 
mation may be downloaded as a report to an external 
communications medium 96, such as a printer, fax 
machine, disk or other suitable output device. 
[0033] Additionally, after positioning right wing section 
14 using actuators 94, left wing section 12 and right 
wing section 14 may be assembled. In one embodi- 
ment, left wing section 12 and right wing section 14 are 
held in place, holes are drilled into left wing section 12 
and right wing section 14, and fasteners are installed 
joining left wing section 12 and right wing section 14. 
Thus, system 10 provides increased measurement and 
control of interface control points and performance 
characteristics of the aircraft prior to assembly of the air- 
craft than conventional aircraft assembly systems. 
[0034] In one embodiment of the invention, system' 10 
uses CAT! A design software, AXY2 control software 
associated with optical positioning system 32 available 
from LEICA, Windows 95 and Visual Basic 5.0 operat- 
ing software available from Microsoft, PTALK and 
PMAC control software available from Delta Tau Data 
Systems and 930 Dialog software available from Pacific 
Scientific associated with actuators 94. These software 
packages can be readily integrated by those having 
ordinary skill in the art. 

[0035] FIGURES 4A and 4B illustrate a flow chart of a 
method to assemble an aircraft according to the present 
invention. Left wing section 12 and right wing section 14 
are mounted on pedestals 24 and 26 at step 100. Sys- 
tem 10 positions left wing section 12 and right wing sec- 
tion 14 on pedestals 24 and 26 to coordinate locations 
on left wing section 12 and right wing section 14 to 
receive reflectors 44 with pre-target locations 58 stored 
in memory 99 at step 1 1 0. 

[0036] Reflectors 44 are attached to left wing section 
12 and right wing section 14 at step 120. Processor 34 
initiates optical positioning system 32 to determine a 
three-dimensional coordinate of each reflector 44 
attached to left wing section 12 and right wing section 
14 at step 130. Optical positioning system 32 desig- 
nates a reflector 44 to be acquired at step 1 40, and opti- 
cal positioning devices 40 and 42 scan or search a zone 
corresponding to pre-target location 58 for the desig- 
nated reflector 44 until the designated reflector 44 is 
located at step 150. Optical positioning devices 40 and 
42 determine a three-dimensional coordinate of a 
reflector 44 at step 160, for example, by reading accu- 
rate angle resolves in the gimballed mount of optical 
positioning devices 40 and 42. Optical positioning 
devices 40 and 42 may operate independently of one 
another, or may operate in a specified sequence of 
reflectors 44. Processor 34 stores the three-dimen- 
sional coordinate for a reflector 44 in a dataset in mem- 
ory 99 at step 170. For example, a reflector 44 visible 
only to optical positioning device 40 is stored in forward 
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three-dimensional dataset 60. Optical positioning sys- 
tem 32 determines whether another reflector 44 needs 
to be acquired at step 180. If there is another reflector 
44 to be acquired, the method proceeds to step 140. If 
there are no more reflectors 44 to be acquired, the 5 
method proceeds to step 190. 

[0037] Processor 34 aligns forward three-dimensional 
dataset 60 and aft three-dimensional dataset 62 to gen- 
erate as-built geometry 80 of left wing section 12 and 
right wing section 14 at step 190. As previously dis- w 
cussed, a single optical positioning device may be una- 
ble to view all reflectors 44 attached to left wing section 
1 2 and right wing section 1 4. As illustrated in FIGURE 1 , 
optical positioning device 40 acquires reflectors 44 visi- 
ble from the leading edges of left wing section 12 and 15 
right wing section 14, and optical positioning device 42 
acquires reflectors 44 visible from the trailing edges of 
left wing section 12 and right wing section 14. In one 
embodiment, using control point assemblies 64 and 
control point distance 74 stored in memory 99, system 20 
10 aligns forward three-dimensional dataset 60 and aft 
three-dimensional dataset 62 to generate as-built 
geometry 80. 

[0038] Processor 34 generates left wing three-dimen- 
sional coordinate system 82 and right wing three- 25 
dimensional coordinate system 84 using as-built geom- 
etry 80 and design dataset 78 stored in processor 34 at 
step 200. Processor 34 transforms as-built geometry 80 
using design dataset 78 to generate left wing three- 
dimensional coordinate system 82 and right wing three- 30 
dimensional coordinate system 84 so that left wing 
three-dimensional coordinate system 82 and right wing 
three-dimensional coordinate system 84 may be viewed 
in accordance with the aircraft design coordinate sys- 
tem. 35 
[0039] Processor 34 aligns left wing three-dimen- 
sional coordinate system 82 with right wing three- 
dimensional coordinate system 84 to generate pre- 
dicted mate 38 of left wing section 12 and right wing 
section 14 at step 210. Display 98 generates computer 40 
representation 86 of predicted mate 38 which illustrates 
interface control point tolerances and performance 
characteristics of left wing section 12 and right wing 
section 14. 

[0040] System 1 0 determines whether right wing sec- 45 
tion 14 requires positional adjustment to bring interface 
control points of the aircraft within acceptable toler- 
ances at step 240. If adjustment is required, right wing 
section 12 may be graphically adjusted to a desired 
position. Computer representation 86 displays interface so 
control point tolerances based on the graphical move of 
right wing section 14. If no adjustment is required, the 
method proceeds to step 250. 

[0041 ] System 1 0 determines whether right wing sec- 
tion 14 requires positional adjustment to enhance per- 55 
formance characteristics of the aircraft at step 250. If 
adjustment is required, right wing section 12 may be 
graphically adjusted to a desired position or automati- 



cally adjusted by processor 34 to optimize interface con- 
trol point tolerances and performance characteristics of 
the aircraft. Computer representation 86 displays inter- 
face performance characteristics based on the graphi- 
cal move of right wing section 14. If no adjustment is 
required, the method proceeds to step 260. At step 260, 
if additional adjustment of right wing section 14 is 
required, the method proceeds to step 230. If no addi- 
tional adjustment to right wing section 14 is required, 
the method proceeds to step 270. 
[0042] Processor 34 generates adjusted mate 92 
based on graphical changes in position of right wing 
section 14 at step 270. Adjusted mate 92 reflects an 
optimization of interface control point tolerances and 
performance characteristics of the aircraft based on 
changes in position of right wing section 14 made to 
computer representation 86. Processor 34 commands 
actuators 94 to physically position right wing section 14 
according to adjusted mate 92 at step 280. 
[0043] Processor 34 generates computer representa- 
tion 86 reflecting adjusted mate 92 at step 290. Compu- 
ter representation 86 reflecting adjusted mate 92 may 
be generated based on the graphical moves made to 
right wing section 14, or may be generated by reinitializ- 
ing optical positioning system 32 to acquire new three- 
dimensional coordinates for reflectors 44. Thus, the 
above described process may be repeated any number 
of times to bring interface tolerance control point toler- 
ances and performance characteristics within accepta- 
ble limits. System 10 determines whether additional 
physical adjustment to right wing section 14 is required 
at step 300. If additional adjustment is required, the 
method proceeds to step 280. If no further adjustment 
to right wing section 14 is required, the method pro- 
ceeds to step 310. 

[0044] Left wing section 12 and right wing section 14 
are joined or assembled at step 310. Processor 34 gen- 
erates an interface control report containing the toler- 
ance ranges and rework information of the interface 
control points on left wing section 1 2 and right wing sec- 
tion 14 at step 320. Processor 34 generates a perform- 
ance characteristics report at step 330 containing 
information regarding roll moment, roll factor, wing 
sweep differential, wing dihedral angle differential, wing 
twist differential, and other performance measures 
between left wing section 12 and right wing section 14. 
The information contained in the interface control report 
and the performance characteristics report will be 
based on adjusted mate 92 if adjustments were made to 
the position of right wing section 14. If no adjustments 
were made to the position of right wing section 14; the 
information contained in the interface control report and 
the performance characteristics report will be based on 
predicted mate 38. 

[0045] FIGURE 5 illustrates a flow chart of a method 
to align datasets created by independent optical posi- 
tioning devices, for example, aligning forward three- 
dimensional dataset 60 and aft three-dimensional data- 
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set 62 discussed in conjunction with FIGURE 2, accord- 
ing to the present invention. Reflector 68 is located and 
oriented on control fitting 71 to receive an optica! signal 
from optical positioning device 42 at step 350. Reflector 
66 is located and oriented on contro! fitting 71 at control 5 
point distance 74 from reflector 68 to receive an optical 
signal from optical positioning device 40 at step 360. 
Reflector 70 is located and oriented on control fitting 71 
at control point distance 74 from reflector 68 to receive 
an optical signal from optical positioning device 40 at 10 
step 370. Processor 34 stores control point distance 74 
and approximate locations of reflectors 66, 68 and 70 in 
memory 99 at step 380. 

[0046] Optical positioning system 32 generates a 2. 
three-dimensional coordinate of reflector 68 using opti- 15 
cal positioning device 42 at step 390. Processor 34 des- 
ignates the three-dimensional coordinate of reflector 68 
as control point 76 and stores the three-dimensional 3. 
coordinate of reflector 68 in aft three-dimensional data- 
set 62 in memory 99 at step 400. Optical positioning 20 
system 32 generates three-dimensional coordinates of 
reflectors 66 and 70 using optical positioning device 40 
at step 410. Processor 34 stores the three-dimensional 
coordinates of reflectors 66 and 70 in forward three- 
dimensional dataset 60 in memory 99 at step 420. 25 
[0047] Processor 34 determines an equivalent loca- 4. 
tion of control point 76 for forward three-dimensional 
dataset 60 using the three-dimensional coordinates of 
reflectors 66 and 70 and control point distance 74 
stored in memory 99 at step 430. For example, in an 30 
embodiment where control point distance 74 between 
reflector 66 and 68 is equal to control point distance 74 
between reflectors 68 and 70, processor 34 can calcu- 
late the equivalent location of control point 76 as the 
midpoint along a line between reflectors 66 and 70. 35 
Processor 34 aligns forward three-dimensional dataset 
60 with aft three-dimensional dataset 62 using control 5. 
point 76 from aft three-dimensional dataset 62 and the 
equivalent location of control point 76 for forward three- 
dimensional dataset 60 at step 440. 40 6. 
[0048] Although the present invention and its advan- 
tages have been described in detail, it should be under- 
stood that various changes, substitutions, and 
alterations, can be made therein without departing from 
the spirit and scope of the present invention as defined 45 
by the appended claims. 7. 

Claims 

1 . A method for aligning a first aircraft coordinate sys- so 
tern with a second aircraft coordinate system, com- 
prising: 

determining a first coordinate in the first coordi- 
nate* system from a first reflector using a first ss 
coordinate positioning device; 
determining a second coordinate in the second 
coordinate system from a second reflector 



using a second coordinate positioning device, 
the second reflector disposed a first predeter- 
mined distance from the first reflector; 
determining a third coordinate in the second 
coordinate system from a third reflector using 
the second coordinate positioning device, the 
third reflector disposed a second predeter- 
mined distance from the first reflector; and 
aligning, using a processor, the first and sec- 
ond coordinate systems based on the first, sec- 
ond, and third coordinates and the first and 
second predetermined distances. 

The method of Claim 1, wherein the first predeter- 
mined distance is substantially equal to the second 
predetermined distance. 

The method of Claim 1 , wherein: 

the first predetermined distance is substantially 
equal to the second predetermined distance; 
and 

the first, second, and third reflectors are 
arranged along a line. 

The method of Claim 1 , wherein: 

the f irst predetermined distance is substantially 
equal to the second predetermined distance; 
the first, second, and third reflectors are 
arranged along a line; and 
the step of aligning comprises computing a 
geometric midpoint between the second and 
third reflectors that corresponds to a position of 
the first reflector. 

The method of Claim 1 , wherein the first reflector 
comprises a spherical reflector. 

The method of Claim 1 , wherein the step of deter- 
mining a first coordinate comprises generating a 
three-dimensional coordinate using a laser opera- 
ble to receive an optical signal reflected from the 
first reflector. 

An apparatus for aligning a first aircraft coordinate 
system associated with a first positioning device 
with a second aircraft coordinate system associ- 
ated with a second positioning device, comprising: 

a first reflector mounted to a control point fitting 
and oriented to receive a signal from the first 
positioning device; 

a second reflector mounted to the control point 
fitting and oriented to receive a signal from the 
second positioning device, the second reflector 
disposed a first predetermined distance from 
the first reflector; and 
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a third reflector mounted to the control point fit- 
ting and oriented to receive a signal from the 
second positioning device, the third reflector 
disposed a second predetermined distance 
from the first reflector. 

8. The apparatus of Claim 7, wherein the first prede- 
termined distance is substantially equal to the sec- 
ond predetermined distance. 

9. The apparatus of Claim 7, wherein the control point 
fitting is attached to an aircraft structure. 

10. The apparatus of Claim 7, wherein the first reflector 
is disposed along a line between the second and 
third reflectors. 

11. The apparatus of Claim 7, the first reflector com- 
prises a spherical reflector. 

12. The apparatus of Claim 7, wherein the control point 
fitting comprises: 

a base; and 

a plurality of mounts, each mount associated 
with a reflector, each mount operable to couple 
the associated reflector to the base. 

13. The apparatus of Claim 12, wherein the mounts 
and the reflectors are coupled in a manner to allow 
selective adjustment of the orientation of the reflec- 
tor in three degrees of freedom. 

14. The apparatus of Claim 7, wherein: 
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the first and second positioning devices com- 
prise optical positioning devices; and 
each of the reflectors is operable to receive and 
return an optical signal generated by the first 
* and second positioning devices. 40 

15. A system for aligning aircraft coordinate systems, 
comprising: 

a control point assembly comprising: 45 
a first reflector; 

a second reflector disposed a first prede- 
termined distance from the first reflector; 
and so 
a third reflector disposed a second prede- 
termined distance from the first reflector; 

a first positioning device operable to determine 
a position of the first reflector in a first aircraft 55 
coordinate system; 

a second positioning device operable to deter- 
mine a position of the second and third reflec- 



tors in a second aircraft coordinate system; and 
a processor coupled to the first and second 
positioning devices, the processor operable to 
align the first and second aircraft coordinate 
systems using the positions of the first, second, 
and third reflectors and the first and second 
predetermined distances. 

16. The system of Claim 15, wherein the control point 
assembly further comprises a control point fitting, 
and wherein the first, second, and third reflectors 
are coupled to the control point fitting in a manner to 
allow selective adjustment of an orientation of the 
first, second, and third reflectors in three degrees of 
freedom. 

17. The system of Claim 15, wherein the control point 
assembly is attached to an aircraft structure. 

18. The system of Claim 1 5, wherein the first predeter- 
mined distance is substantially equal to the second 
predetermined distance. 

19. The system of Claim 15, wherein: 

the first predetermined distance is substantially 
equal to the second predetermined distance; 
and 

the first, second, and third reflectors are 
arranged along a line. 

20. The system of Claim 16, wherein the control point 
fitting comprises: 

a base; and 

a plurality of mounts attached to the base, 
wherein the first, second, and third reflectors 
are disposed on the plurality of mounts. 

21. The system of Claim 16, wherein the first, second, 
and third reflectors are magnetically coupled to the 
control point fitting. 

22. The system of Claim 15, wherein: 

the first and second positioning devices com- 
prise optical positioning devices; and 
each of the reflectors is operable to receive and 
return an optical signal generated by the first 
and second positioning devices. 
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